1. Spermatozoa collected directly from the testis of the conscious ram contain 25% more phospholipid than ejaculated spermatozoa. The concentration of lecithin, phosphatidylethanolamine and ethanolamine plasmalogen was greater in testicular spermatozoa; little difference was observed in choline plasmalogen. Both types of spermatozoa had significant amounts of cardiolipin and alkyl ether phospholipid. 2. The fatty acids in the phospholipid extracted from testicular spermatozoa have a very high content of palmitic acid. The phospholipids of ejaculated spermatozoa contained less palmitic acid, but more myristic acid. 3. Ejaculated spermatozoa contained less acyl ester and cholesterol. It is suggested that lipids are a source of substrate for spermatozoa during their passage through the epididymis. 4. Testicular spermatozoa when incubated with [U-14C]glucose incorporated more radioactivity into the glycerol part of the phospholipid and neutral lipid fractions than did ejaculated cells. The distribution of radioactivity in the individual phospholipids and neutral lipids was similar for both cell types. No radioactivity was detected in choline plasmalogen, which accounted for approx.
40% of the total phospholipid. 5. Testicular spermatozoa incorporated more radioactivity from glucose into formate than into acetate, whereas a higher proportion of radioactivity was found in acetate in ejaculated cells. 6. The implications of these lipid changes in the process of spermatozoal maturation are discussed.
The importance of lipids as substrates for spermatozoa was first demonstrated by Hartree & Mann (1959 , 1961 , who showed that the fatty acid in the choline plasmalogen was oxidized by ejaculated ram spermatozoa when incubated in synthetic media without added substrate. Later studies ) revealed very little difference in the concentration of choline plasmalogen in ram spermatozoa obtained from the head and tail of the epididymis, though the amount of lecithin and phosphatidylethanolamine was less in spermatozoa collected from the tail region. Complete lipid analyses were not utndertaken in these experiments because of the difficulties in acquiring large quantities of uncontaminated spermatozoa (see Scott, Dawson & Rowlands, 1963) . This problem has been overcome by the development of a technique for cannulation of the efferent ducts so that spermatozoa may be obtained before they come into contact with any epididymal secretion (Voglmayr, Waites & Setchell, 1966) . The availability of large quantities of pture testicular and ejaculated spermatozoa from the same animal has enabled Us to study the differences in lipid composition and inetabolism between the two types of spermatozoa. These differences arise during the passage of the spermatozoa through the epididymis and may be important in the process of spermatozoal 'maturation' which occurs during this time.
METHODS
Spermatozoa. Testicular and ejaculated ram spermatozoa were obtained as described by Voglmayr, Scott, Setchell & Waites (1967) . Spermatozoa were separated from testicular fluid and seminal plasma by centrifuging for 15min. at 400g and were resuspended in 099% NaCl to give a final volume of 2ml. The suspension was thoroughly mixed and a sample (01 ml.) removed for counting in a haemocytometer.
Extraction and analysis of spermatozoal lipid. The residual spermatozoal suspension was extracted for lipid as described by Scott et al. (1963) , and purified by washing with 0-2 vol. of water and thrice more with theoretical upper phase as defined by Folch, Lees & Sloane-Stanley (1957) . The lipid extract was partitioned into neutral lipid and phospholipid by silicic acid (Mallinkrodt) column chromatography (Scott, Jay & Freinkel, 1966) . Neutral lipids were eluted with chloroform (50mI.) and phospholipids with methanol (75ml.). The eluates were concentrated in vacuo to near dryness and redissolved in their respective solvents to a volume of 10 Oml. Individual phospholipids were separated and determined by the procedure of Dawson, Hemington & Davenport (1962) and for labelling experiments in vitro radioautography was used to detect the lipids on the chromatograms. Radioactive areas were cut out, placed in scintillation vials and counted in an automatic liquid-scintillation spectrometer (Packard Instruments, La Grange, Ill., U.S.A.) .
Neutral lipids were spotted on to thin-layer chromatographic plates (silica gel G; E. Merck A.-G., Darmstadt, Germany) with the apparatus described by Scott & Beeston (1966) and developed in light petroleum (b.p. 40-60o)-diethyl ether-acetic acid (90:10:1, by vol.). Individual neutral lipids were localized by placing an X-ray film over the thin-layer plate, and the areas of gel corresponding to monoglyceride, diglyceride and triglyceride were aspirated (Goldrick & Hirsch, 1963) into counting vials for radioactive assay. Recovery of radioactivity by these procedures was over 90%. Incubation of testicular and ejaculated spermatozoa. Spermatozoal suspensions were prepared and incubated in phosphate buffer, pH7-0 (White, 1953) , with D-[U-14C]-glucose (2.5,uc, 600,ug./flask) as described by Voglmayr et al. (1967) . The utilization of endogenous lipid was studied by incubating washed testicular spermatozoa in the diluent without added substrates. After incubation lipids were prepared and fractionated as described above.
Other arnalytical procedures. Acyl esters were estimated by the method of Stern & Shapiro (1953) , total free fatty acids by the procedure of Borgstrom (1952) and phosphorus by the method of Fiske & Subbarow (1925) . Lipid samples were hydrolysed with N-NaOH (20ml.) for 120min. at 95_100o, and long-chain fatty acids extracted by techniques described by (20,tmoles) and butyric acid (20,umoles) was added to the incubation medium. The total contents were adjusted to pH2-3 with 4N-H2SO4 saturated with MgSO4 and steam-distilled in a Markham still; 100ml. fractions of distillate were collected, neutralized with N-NaOH and evaporated to dryness. The contents were dissolved in distilled water (0-5ml.) and 2-3 drops of 18N-H2SO4 were added. This solution was placed directly on to the top of a silicic acid column, prepared as described by Leng (1965) . Individual volatile fatty acids were eluted by the procedures of Leng (1965) and 6ml. fractions were collected in liquid-scintillation vials. These were titrated against 0-035N-KOH with a drop of 1% (w/v) phenolphthalein indicator. After titration, 10ml. of toluene scintillation fluid was added and radioactivity was measured. The scintillation fluid contained 0.4% (w/v) 2,5-diphenyloxazole and 0-01% (w/v) 1,4-bis-(5-phenyloxazol-2-yl)benzene together with 0.1% (w/v) benzoic acid to decolorize the samples. Recovery of added volatile fatty acids (C1-C4) from this procedure was 92%.
RESULTS
Phospholipid analysis of testicular and ejaculated ram spermatozoa. Testicular spermatozoa contained approx. 30% more phospholipid (as ,ug. of P/109 cells) than ejaculated spermatozoa from the same animal (Table 1 ). The principal phospholipid was choline plasmalogen, which accounted for 35-40% of the total lipid phosphorus. The amount of choline plasmalogen in testicular spermatozoa was slightly, though not significantly, greater than in ejaculated cells, but was lower when expressed as a percentage of the total phospholipid. The concentration of all other lipids with the exception of sphingomyelin and alkyl ether phospholipid was higher in testicular spermatozoa (Table 1) . Of the more abundant phospholipids the most striking differences were in lecithin, phosphatidylethanolamine and ethanolamine plasmalogen. The concentrations of cardiolipin and alkyl ether phospholipid of both testicular and ejaculated spermatozoa were high compared with most other tissues (cf. Dawson et al. 1962) .
Fatty acid pattern of the lipids of testicular and ejaculated spermatozoa. The most striking feature in the pattern of individual fatty acids in testicular spermatozoa was the very high content of palmitic acid (16:0, 53%) in the phospholipid fraction (Table 2) , whereas in ejaculated spermatozoa this acid was only 36% of the total phospholipid fatty acids. In contrast, the proportion of myristic acid (14:0) was 2-3 times as high in ejaculated spermatozoa as in testicular spermatozoa. The lower proportion of palmitic acid and higher proportion of myristic acid in ejaculated cells was also noted in the neutral lipid fatty acids (Table 2) . Compared with ejaculated cells, testicular spermatozoa had a higher ratio of saturated to unsaturated fatty acids in the phospholipid fraction.
Acyl ester and cholesterol concentrations in testicular and ejaculated spermatozoa. The acyl ester content of the phospholipid fraction from testicular spermatozoa was 30-40% higher than that of ejaculated cells. However, there was little difference in the acyl ester content of the neutral lipid fractions from the two cell types. The cholesterol content of testicular spermatozoa was approximately twice that of ejaculated cells (Table 3) .
Changes in lipid content of testicular spermatozoa after aerobic incubation in diluents without added substrate. After incubation there was a small decline in the acyl ester content in five out of six experiments (Table 4 ). The mean decrease (six experiments) was 0-51 ,tequiv. (P < 0.05) in 3hr., (Table 5) . Most radioactivity was found in lecithin, but phosphatidylethanolamine and phosphatidic acid were significantly labelled after 3hr. incubation. No radioactivity could be detected in monophosphatidylinositol, and only a very small proportion of label (2-3%) was found in the plasmalogens, which accounted for approx. 50% of the phospholipid. The fraction stable to alkali and acid hydrolysis contained approx. 26% of the total radioactivity and presumably most of this is in sphingomyelin and alkyl ether lipid (Table 5) .
Fractionation of the neutral lipids by thin-layer chromatography showed no essential difference in the distribution of radioactivity in the individual neutral lipids from testicular and ejaculated spermatozoa. Diglycerides accounted for more than 60% of the total radioactivity in both cell types whereas the amount of labelling in the triglyceride fraction represented about 10% of the total. The remaining radioactivity was present in the monoglycerides (Table 5 ). Prolonged radioautography (8 weeks) of the thin-layer chromatogram failed to detect radioactivity in any other neutral lipid components.
Production of labelled volatile fatty acids from [U-14C]glucose by spermatozoa. With testicular spermatozoa the amount of 14C radioactivity in formate (62%) was twice that present in acetate (32%); this was reversed in ejaculated cells with acetate accounting for 61% and formate 34% of the total radioactivity. Smaller amounts of radioactivity were consistently detected in propionic acid and butyric acid (Fig. 1) . More radioactive glucose was converted into volatile fatty acids by ejaculated spermatozoa (Fig. 1) . Expressed as a fraction of the glucose present initially, the conversion into volatile fatty acids was 1.4% for ejaculated spermatozoa and 0.3% for testicular cells. 
DISCUSSION
The morphological characteristics of the testicular spermatozoa used in the present studies have been described elsewhere (Voglmayr et al. 1966 (Voglmayr et al. , 1967 and the amount of contaminating cells was below that normally present in ejaculated semen. Our results support and extend the findings of Scott et al. (1963) and Mann, 1964) . The decrease in phospholipid content, with the concomitant loss in acyl esters and reduction in the chain length of the fatty acids, strongly suggests that lipids serve as substrates for spermatozoa during their period of 'maturation' in the epididymis. The suggestion is further supported by the consistent but small decreases in acyl ester concentration observed during incubation of washed testicular spermatozoa in vitro. These decreases were large enough to account for most of the endogenous oxygen uptake and the results obtained from incubating testicular spermatozoa are basically similar to those reported by Hartree & Mann (1959 , 1961 for ejaculated spermatozoa.
The observed lipid differences might also explain why testicular spermatozoa are much more resistant than ejaculated cells to 'cold shock' (Voglmayr et al. 1967 ). This phenomenon is probably associated with changes in membrane permeability. The increase in the amount of unsaturated fatty acids in the phospholipid fraction, together with the decrease in certain phospholipids and cholesterol, would undoubtedly influence the characteristics of the spermatozoal lipoprotein membranes. Recent work by van Deenen, Houtsmuller, de Haas & Mulder (1962) and van Deenen, De Gier, Houtsmuller, Montfoort & Mulder (1963) has emphasized how variations in the fatty acid composition of synthetic phosphatides produce changes in their physicochemical properties, and similar variations also influence the permeability characteristics of red-cell membranes.
The pattern of incorporation of [U-14C]glucose into phospholipid and neutral lipid by ram testicular and ejaculated spermatozoa is similar to that reported for ejaculated bull spermatozoa by Terner & Korsh (1962) . The results in vitro disagree with those reported by Dawson (1958) , who showed that in a ram with ligated efferent ducts there was negligible incorporation of [32P] orthophosphate from the blood into phospholipids or nucleic acids by spermatozoa in the epididymis. It may be that epididymal function is abnormal under these conditions or alternatively that incubation in vitro leads to lipid biosynthesis, which is not measurable with techniques in vivo. The capacity of testicular spermatozoa to synthesize lipid is greater than that of ejaculated cells; this active lipid metabolism may be important as a way of providing substrate for the spermatozoa during their storage in the epididymis. Alternatively, lipid biosynthesis could be involved in 'maturation', which occurs in the epididymis after the spermatozoa leave the testis. The capacity of testicular spermatozoa to produce formic acid from glucose may be important as formate is involved in the synthesis of nucleic acids (Hartman & Buchanan, 1959) . Since ejaculated spermatozoa are still capable of limited protein biosynthesis (Abraham & Bhargava, 1963) 
